A protective effect of pregnancy on cancer is best documented for breast cancer ([Rossing *et al*, 1996](#bib9){ref-type="other"}; [Lambe *et al*, 2001](#bib5){ref-type="other"}) and ovarian cancer ([Mockett *et al*, 2000](#bib7){ref-type="other"}). Other studies suggest a similar effect on colorectal ([Talamini *et al*, 1998](#bib11){ref-type="other"}) and uterus cancers ([Hinkula *et al*, 2002](#bib1){ref-type="other"}).

Associations with parity may be caused by pregnancy-induced hormonal changes, but could also have an immunological basis if women are immunised by the antigens of their fetuses ([Janerich, 1980](#bib2){ref-type="other"}). Certain studies have provided evidence of immunization to antigens found in breast, ovarian and endometrial cancer cells ([Janerich, 2001](#bib4){ref-type="other"}, [1994](#bib3){ref-type="other"}). Sera from multiparous women have been shown to react against antigens of ovarian cancer, in contrast to that from healthy nulliparous women. Foetal antigens, perhaps of parental origin, may protect against cancer ([Shields *et al*, 1997](#bib10){ref-type="other"}). If so, such cancers should show some correlation with the number of pregnancies as well as with the number of different fathers of these pregnancies. Each new pregnancy results in an expression of new paternal genes, but a change of partner increases the genetic variation.

A reproductive history may, on the other hand, correlate with disease due to confounding. A level of health is required to carry a pregnancy to term (the 'healthy pregnancy effect'), although we expect this to have only a limited effect on cancer risk.

We examined if having pregnancies with multiple partners influences the risk of some of the commonest cancers.

MATERIAL AND METHODS
====================

We conducted a historical follow-up study using data from the following population based registries: the Fertility Database, the Prevention Registry (each a combination of several registers), the National Hospital Discharge Registry, the Cause of Death Registry and the Cancer Registry. All the data for this study are located at Statistics Denmark or at the National Board of Health.

By means of the above-mentioned registers we identified a cohort comprising all (64 704) women with Danish citizenship who had had at least two births by at least two different men, and whose second birth took place between 1973 and 1996: the exposed cohort. We then selected a random sample of 100 000 women from the population of women with at least two children and who had their index birth (second birth or later) after 1973, as in the exposed cohort. Among these we selected the 86 624 women for whom there was no indication of a change of partner: the unexposed cohort. More details on the study population are provided elsewhere ([Olsen *et al*, 2003](#bib8){ref-type="other"}).

These two cohorts were then linked to the cancer register and to the Population Register to obtain information on cancer incidence, death, emigration, women\'s education, social status, residence and occupation.

Incident diagnoses of cancer were extracted from the Cancer Register where they are coded according to the *International Classification of Diseases (ICD-7th Revision)*. Linkage was based upon the woman\'s civil personal registration number (CPR), since 1968 given to all residents in Denmark, and used in all public registers.

We analysed data using Poisson regression models. Exposure started at the first birth with a father different from the one registered at the previous birth(s). We considered women 'exposed' if they had at least one child by a different partner and if at least two different identifiable fathers were registered. Women who had a missing identifier for the father (2%) and no indication of a different father in any of the pregnancies were considered unexposed. Follow-up ended when cancer, death, or emigration occurred, or at the end of 1997 (when follow-up ended), whichever came first.

Missing data on social factors were divided into two categories. One consisted of unreported actual missing values (a), while the other consisted of values from years that lacked a classification, or changes to the classification over time (b). The cohorts were stratified by parity for which incidence rates over time are estimated and adjusted for potential confounders: parity (2, 3, 4 or more); number of partners (1, 2, 3 or more); current maternal age four age groups \<25, 25--34, 35--44, \>45 years); calendar period (1973--1980, 1981--1985, 1986--1990, ⩾1991); time since latest pregnancy (up to 10 years, more than 10 years); place of residence (Copenhagen; Aarhus, Odense; Aalborg; all other places; missing \[a\]; missing \[b\]); social status (self-employed, assisting spouses; high and medium workers; skilled workers; unskilled workers; unemployed, outside work; missing \[a\], missing \[b\]); education (basic school; high school; missing \[a\]; missing \[b\]); and 9) occupation (production industry; primary services; public and personal services; missing \[a\]; missing \[b\]).

If data were missing for the socioeconomic variables (people out of the workforce had no classification in some time periods), we used information from a previous year down to 1979. In the present analyses, missing data were kept in the analyses as a separate category, but all analyses were also performed after excluding subjects with missing data on social factors in the period 1973--1979. Analyses were performed using Poisson regressions in SAS and STATA software.

RESULTS
=======

[Table 1](#tbl1){ref-type="table"} Table 1Distribution of person years (PYs) according to potential confounders in the two cohorts **One partnerTwo+ partnersVariablesTotal PYsNo. of cancer casesIR per1000 PYsTotal PYsNo. of cancer casesIR per 1000 PYs***Age during follow-up* \<2534048.01273.7324210.31767.27 25--34468241.118934.04267043.922598.46 35--44407856.817984.41241769.915576.44 \>4535837.95756.7030031.11816.02       *Place of residence* Copenhagen52699.22424.5952708.33466.56 Aarhus, Odense, Aalborg85319.95135.3860265.15599.28 All other places755255.933224.40436016.632037.35 Missing (a)23563.2873.694933.0192.46 Missing (b)69145.62293.319192.1463.75       *Education* Basic school440434.220694.70384028.229647.72 High school160407.76594.1169227.44826.96 Missing (a)1058.521.891376.696.54 Missing (b)394083.516634.22108482.97186.62       *Socioeconomic status* Self-employed assisting spouses28454.41374.6513952.61007.17 High/medium ranked workers498394.921764.37216828.716107.10 Skilled workers21969.11215.5116292.51519.27 Unskilled workers189255.68944.72163084.612697.78 Outside work, unemployed76164.93724.88110456.48697.87 Missing (a)53301.52113.9614330.3825.72 Missing (b)127443.54823.7818170.1925.06       *Occupation* Production industry132429.86074.5894382.17187.61 Primary services188050.48264.39113426.78847.79 Public/personal services459256.621284.63291978.821517.37 Missing: (a)88843.03503.9445184.03287.26 Missing (b)127403.94823.7818143.6925.07       Total995984.043934.41563115.041737.41[^1][^2] shows details of the person years of observation and cancer observed. Altogether, 4173 events of cancer occurred in the cohort of women with two or more partners, while 4393 events were recorded among unexposed women.

As expected from their social profile, women with multiple partners had a higher risk of cancer of the cervix, but they also showed a higher incidence of cancer of the corpus uteri ([Table 2](#tbl2){ref-type="table"} Table 2Relative risk of specific cancers and cancers in general for women who have had children with different fathers **One partnerTwo+ partners**Cancer site**CasesCasesRR^a^CIRR^b^95% CI**Breast^c^6242560.690.800.81^d^0.77--1.07Ovarian^e^101450.751.080.880.60--1.28Cervix^f^278334702.212.322.041.93--2.15Uterus and corpus uteri^g,h^43381.492.371.841.14--2.96Melanoma^i^179660.620.830.650.48--0.88Lung^j^50341.151.811.450.89--2.36Colon and rectum^k^74280.641.000.850.52--1.36The rest of neoplasms^l^6633420.871.001.000.87--1.15       All cancers439341731.681.751.661.59--1.74[^3][^4][^5][^6][^7][^8][^9][^10][^11][^12][^13][^14]). The relative risks of breast and ovarian cancer were less than one, but confidence limits included unity. For breast cancer the crude estimates were significantly less than one, but adjustment for age, parity and social factors reduced the effect and a statistically significant protective effect of having children by more than one partner was only seen for melanoma.

The parity specific partner effects are displayed in greater detail in [Table 3](#tbl3){ref-type="table"} Table 3Adjusted incidence rate ratios^a^ for the main cancer groups according to parity and number of partners. The reference category is that of women of parity 2 with one partner **Parity 2Parity 3Parity 4+** **PartnersPartnersPartners** **22323+Cancer siteRRCI 95%RRCI 95%RRCI 95%RRCI 95%RRCI 95%**Breast^b^0.990.79--1.240.840.63--1.121.010.60--1.690.490.26--0.900.740.33--1.65Ovary1.230.77--1.960.570.27--1.210.530.12--2.290.430.11--1.700.400.05--3.39Cervix2.001.87--2.132.232.00--2.492.752.36--3.200.970.76--1.252.061.60--2.65Uterus and corpus uteri2.381.32--4.291.700.67--4.300.960.12--7.800.530.09--3.200.580.06--6.02Melanoma0.700.47--1.030.680.40--1.150.510.15--1.660.220.05--1.060.560.11--2.83Lung1.630.87--3.061.720.69--4.272.540.78--8.29NA^c^---0.820.14--4.72Colon and rectum0.850.43--1.660.920.42--2.010.720.22--4.240.350.23--2.061.210.21--6.91[^15][^16][^17]: no 'dose--response' effect with number of partners is shown for any of the cancers under study, including melanoma.

Malignant melanoma showed a nonsignificant association with parity, the adjusted rate ratio for parity being 1.04 (0.73--1.49), compared women with parity 2, and the rate ratio for parity 4 or higher was 0.65 (0.31, 1.37).

The effect of time interval since having a child by a different partner is shown in [Table 4](#tbl4){ref-type="table"} Table 4Relative incidence rate ratio for the main cancer grounds^a^ by time since last pregnancy for women who had children with two or more partners **Time since latest pregnancy** **0--9 years10+ yearsCancer siteRR95% CIRR95% CI**Breast0.920.72--1.150.870.68--1.11Ovary0.760.45--1.231.120.63--1.98Cervix2.081.96--2.211.791.57--2.04Uterus and corpus uteri1.851.05--3.271.660.69--4.00Melanoma0.630.44--0.890.750.42--1.34Lung1.410.68--2.911.440.75--2.77Colon and rectum0.890.46--1.710.810.40--1.63[^18]: no significant change in relative incidence rates was found for any cancer.

As breast cancers with an early onset may have a different aetiology than those with a later onset, we estimated the relative risks separately for women prior to 45 years of age and for women aged 46 years or older. When adjusted only for parity, both estimates suggested a protection of partner change (RR=0.80 (95% CI: 0.67--0.95) for women below 46 years and RR=0.68 (95% CI: 0.49--0.95) for older women). When age, age at first delivery, place of residence, education, socioeconomic status and occupation were included in the model, however, there was no significant reduction among younger women (RR=0.94 (95% CI: 0.78--1.14)) and only a nonsignificant decrease remained among older women (RR=0.72 (95% CI: 0.50--1.03)) (raw data not shown).

DISCUSSION
==========

This study did not provide strong support for the hypothesis that having children by different partners reduces the risk of breast or ovarian cancer ([Janerich, 1980](#bib2){ref-type="other"}, [1994](#bib3){ref-type="other"}; [Shields *et al*, 1997](#bib10){ref-type="other"}; [Talamini *et al*, 1998](#bib11){ref-type="other"}; [Lambe *et al*, 2001](#bib5){ref-type="other"}). We did see a statistically significant lower relative risk for breast cancer in the crude estimate, but the significance disappeared after adjustment. We have previously shown ([Olsen *et al*, 2003](#bib8){ref-type="other"}) that adjustment for confounders is important. Previous findings on a reduced risk of breast cancer among women having children by different partners may thus have been subject to residual confounding ([Janerich, 1980](#bib2){ref-type="other"}, [1994](#bib3){ref-type="other"}; [Lambe *et al*, 2001](#bib5){ref-type="other"}).

We do not believe that the foetal antigen hypothesis explains the higher risk of cancer of the cervix. Rather the excess risk probably reflects confounding by lifestyle factors such as sexual habits.

The lower risk of melanoma related to two or more partners is novel and of interest because residual confounders would probably bias the effect measures towards higher values for this cancer. The result was unexpected, but rather strong. Melanoma is a common cancer in populations with fair skin and frequent exposure to sunlight. Two high-risk susceptibility genes have been identified (CDKN2A and CDK4) and gene--environment interactions may occur at several steps in cancer development ([MacKie, 2002](#bib6){ref-type="other"}). Foetal antigens could in principle modify these gene--environmental interactions in different ways and if such a mechanism is important, the observed correlation with parity would be predicted.

The study has strengths as well as weaknesses. The strongest features lie in its population-based design with complete follow-up, reliable data on cancer incidence and reproduction, and independently reported paternal identity for live born children. We also had data on sociodemographic conditions of potential importance. All data were recorded independently of the study hypothesis, which might otherwise produce differential misclassification.

Without access to the participants we have, on the other hand, no possibility of verifying data on paternity and we have no data on pregnancies that ended with foetal loss. Our data refers to the putative biological father in official statistics but anecdotal evidence suggests that this may be in error in 1--10% of the cases. Misclassification of fathers may bias the effect measure for malignant melanoma, though we consider the magnitude of bias to be small.

If the foetal antigen hypothesis is true, the effect on parity level and number of partners is likely to be small. Although we included all women with two or more births by different partners into the study, our power to detect a small effect was limited as indicated by the wide confidence limits. It would be of interest to have data with longer follow-up time.

We found a protective effect of parity of having children with different men for malignant melanoma. Whether transmission of foetal cells to the mother\'s blood stream during pregnancy plays a role for this finding needs further studies.
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[^1]: ^a^Unreported

[^2]: ^b^Lack of classification or modified classification.

[^3]: Unadjusted.

[^4]: Adjusted for age, parity, time since latest pregnancy, place of residence, education, socioeconomic status, occupation.

[^5]: ICD7: 170, 470, 570, 670, 770, 870, 970.

[^6]: As in footnote b, plus adjustment for age at first delivery.

[^7]: ICD7: 175, 475, 575, 975.

[^8]: ICD7: 171, 471, 571, 771, 971.

[^9]: ICD7: 173, 473, 573, 873, 973.

[^10]: ICD7: 172, 472, 572, 872, 972.

[^11]: ICD7: 190, 590, 690, 990.

[^12]: ICD7: 162, 462.

[^13]: ICD7: 153, 253, 453, 553.

[^14]: ICD7: the rest.

[^15]: Adjusted for age, time since latest pregnancy, place of residence, education, socioeconomic status and occupation.

[^16]: Adjusted as in footnote ^a^ plus age at first delivery.

[^17]: There were no cases among women with two partners.

[^18]: Adjusted for parity, age at first delivery, age, time since latest pregnancy, place of residence, education, socioeconomic status, occupation, reference group, women with two or more children with the same partner.
